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[57] ABSTRACT 
Methods and apparatus for immunoassays. The appara- 
tus comprises a water-insoluble article bearing a dried 
film of a synthetic, polymeric resin having attached 
chemical groups capable of forming covalent bonds 
with immunoreactants. The method and apparatus may 
be applied to determine total immunoglobulin and IgE. 

9 Claims, 6 Drawing Figures 
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Comparison of untreated and carboxylated styrene 
butadiene coated plastic microtiter plates in performing 
an enzyme immunoassay for total IgE. 
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niques of immunoassay for the immunoreactants (anti- 
IMMUNOASSAV WITH ARTICLE HAVING gen, antibody), i.e.; radioimmunoassay, fluorescent im- 

SUPPORT FILM AND IMMUNOLOGICAL munoassay and enzyme immunoassay are substantially 

COUNTERPART OF ANALYTE identical. Each technique comprises, in general, the 

5 separation of bound and labeled immunoreactant from 
BACKGROUND OF THE INVENTION unbound, labeled immunoreactant. This may be done, 

1 c \a p*t.-f m »«t!r.n for example by immobilizing one of the immunoreact- 
T^t^J^thein-u-KWrfl-^b. ants,labeli„ S oneoftheim ra un 0 reactantswithamarker 

suc?LToti atd specific immunoglobulins in biological , n or tag to momtor .ts presence and reacting the immobi- 
flulds and more specifically to methods and apparatus >° Hzed immunoreactant with the free .mmunoreactant 
for such an immunoassay. measuring the degree of reaction through momtor- 

2 Brief Description of the Prior Art ing of the labeled immunoreactant The Affluence be- 
Immunoglobulins are modified forms of the blood tween the various techniques resides m utilization of ■ 

protein known as globulin and include antibodies and different reagents as markers or tags for visualization 
reagins. They are found in the body fluids of vertebrates 15 and measurement of the immunoreaction. 
following their sensitization by exposure to a protein or In the prior art immunoassay techniques, there are 
antigen foreign to the vertebrates evolutionary chemis- two principal methods for immobilizing one of the im- 
try munoreactants. 

A wide variety of procedures are known for the im- The first method of immobilization constitutes a 
munoassay of immunoglobulins, i.e.; the determination 20 physical adsorption or entrapment of the one im- 
of the quantity of immunoglobulins in a given biological munoreactant on a water-insoluble solid such as char- 
fluid, using immuno-chemical technique. Immunochem- coa ] > glass or a water-insoluble synthetic polymeric 
istry is chemistry classically concerned with the physi- resm . The use of polymeric resins as the immobilizing 
cal interaction between "antigens" and "antibodies". substrate in the form of test tubes, microtiter plates, 

"Antigens" are high molecular weight compounds, 25 "dipsticks", or similar configurations is popular. The 
usually protein or protein-polysaccharide complexes, strong electrostatic charge of the resin substrate is ad- 
which upon entry in the blood stream of a vertebrate vantageous and the procedure has proven satisfactory 
stimulate the transformation of the small lymphocytes when measur ing relatively high concentrations of un- 
of the B-type into lymphoblasts. The lymphoblasts se- knQwn antigen or antibody, such as antibodies to spe- 
crete antibodies specific to the antigen stimulator. The 30 ^ infection where the antibody titers are high. How- 
antibodies are proteins possessing reactive sites specifi- ev£r the adsorpt j on of immunoreagents onto plastic 
cally complimentary to a reactive feature or site on the surfaces f orms a significantly weaker bond than, for 
stimulating antigen. Antibodies generally have the e le cova i ent bonds. Washing steps in the proce- 
property of rendering the antigen harmless to the host durg can often result fa inaccura te or completely erro- 
organism, by occupying the immunologically active 35 fey washjng away the weakly ^^d in,, 

sites on the antigen particles or molecules, and some- munoreagents . The i oss of bound immunoreactant may 
times also by forcing precipitation or agglutination ot adversel a{Tect the immunoassay. Consider the follow- 
the antigen, or by other protective mechanisms. example- 

The words "precipitation" and "agglutination-' differ 0 | JEC1 $ VE: To determine if a patient's blood serum 
in that precipitation refers to formation of a particulate 40 antibodies to rubella virus, 

or agglomerate solid from molecules initially in solution =°™*™ les 10 01,56118 V ' rUS ' 
or, particularly in immunology, dissolved m blood * Solid-nhase+'rubella protein (adsorbed). 

tion;' .usually applied. In addition, 4 td^"S3S^-o««enU or enzyme) 

eration" is used as a general tenn encompassing both ^ Hujmn ^ Q (this reac ts with IgG bound to ru- 
pairing of particles and clamping of a large multiplicity belk protein) 

° f Sme applications it becomes difficult or meaning- " 5. Wash to remove unbound labeled anti-IgG. 

Lincdon "iaory of <1« P»"« , To rubella annbodta d* 

reciprocal way; an antibody i> the "irnmanological ho- resulted >n unapected release of adsorbed rubella pro- 
™K i£lffS££S3i R M. f Step * £ .gO oon,d 

ttttVZS?*'**'*''' - -H^^ o^ptSed an,.* co„,d 
"homologue". Procedurally, the various known tech- high titers would be observed. 
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3 If this occurred in Step 5, all proteins would be assay is for antibodies, or can be an antibody, lectin, or 
^^^ wSw^tinVob«rv.tionof similar chemical when the as say .s for an unknown 
false negative reactions or false low titers. protein or similar comp ex ^molecu e 

The above-described assay generally presents no We also describe herein a procedure for the use of the 
inaSuracy^ onty^h^ thTlmiunc^hemical reactant 5 solid-phase technology described above in an — - 
S atlayed is present in high concentrations. The assay to monitor or measure tota reagmic antibodies 
S a^ mag^ifieTleveral-fold however when the (immunoglobulin E of IgE) and/or allergen specific 
"to measure immunoreactants present in low IgE utilizing enzyme immunoassay (EIA). Measure- 
c^centrafons ment of ^ is 8 s P eciflc caSe where the matCnal * 

TaddhS the literature has pointed out the prob- 10 assayed is present in extremely small concentrations 
lems of nonspecific binding immunoreagents and unusu- (generally). u_i„„„;„„ 
Sw 5* response negative controls when using the Reagins are complex organic compounds belonging 
adsoSon TSure to immobUize immunoreactants to the class of immunoglobulins known as .mmunoglob- 
Kmunoa^y procedures; see for example Sack, S. ulin E (generally referred to for convenience as IgE ). 
for immunoassay p > Khorshed Alam. (1980), 15 More specifically reagins are a group of type IgE ^prote- 

rmmunobead Enzyme-Linked Immunosorbent Assay ins found in the blood serum of vertebrates , fol owing 
for Ouantitating Immunoglobulin A in Human Secre- their sensitization by exposure to an allerger , or alle - 
dons Td Serum, Infection and Immunity, 12:281-283; gens. The endogeneously produced reagin may be cha - 
Carlson J D Gabel, E. Larsson, J. Ponten. B. Wester- acterized in part by its ant.body-like actrv.ty, i.e. its 
markTl979) Protein Coated Agarose Surface for At- 20 specific reactivity in binding "V^^™^ 
Schment of Cells, In Vitro, 15:844-850; and Boenisch, counterpart allergen which is the source of its own 
TH976 Improved Immunoassay for Trace Proteins genesis. The reagin also generally has a Propensity to 
to Proteins Z ReUted Subjects, Protides of Biological attach to living cells throughout the body of the host 
Phifah ?4 743 749 vertebrate. When the counterpart allergen is reintro- 

™e second method of immobilizing an immunoreact- 25 duced into the previously sensitized host vertebrate an 
ant is by a covalent binding of the immunoreactant to a allergen-reagin reaction takes P^^™*' c ° n ; 
water-insoluble substrate. This is a very satisfactory sequential anaphylacto.d type of lmmu « ~" on ^ 
method of immobilization, firmly holding the im- latter results ; primarily from a rupture of eosmoph.l S 
munoreactant during washings, reaction etc. However, having attached reag.ns-allergen complex. Rupture of 
TwHl 4 appreciated that one is limited to the use of 30 the cells releases histamine slow-reacting sutetence of 
ve^y specific reactive substrates which will form a anaphylaxis, eosinophil chemotaxic substance yso- 
covalembonk with the immunoreactant. Representa- e" zvmes - d 

live of such substrates are diazotized polystyrene, p- allergic reaction m the host vertebrate. Allergic reac- 
M^Sum (PAB-cellulose). ^othiocyanate tions include anaphylaxis urticaria, hay-fever, asthma 
substituted graft copolymer ofstyrene and polytetraflu- 35 ^ like cl.n.cd manifestadons 

example on^ oftfie most satisfactory of reactive solid- serum of the vertebrate and then precautions i may be 
pha^^^^ taken to limit exposure , of the 

synthetic polymer beads such as agarose beads (some- 40 allergens corresponding to the ^identified «agm or rea 
times activated with cyanogen bromide), carboxylated gins or by desensitizing the individual to specific aller- 
or aminated polyacrylamide beads and cellulose discs or gens. 

particles activated with cyanogen bromide. However, In view of reag.n-ant.body activity pnor art in-vitro 
K water-insoluble materials^ not readily molded methods of identifying reagins in Wocdjer«m have 
into forms other than beads, particles or discs and like 45 been based emp.ncally, on he know ! a » d ^ c J m . 
forms This is a disadvantage. The physical forms neces- munological relationship which exists between an ant. 

waning process during immu- gen 
noassay in that the beads, discs or particles must be art methods have not been ent ire ly "M**?*™ re 
m£red centrifuged, or allowed to settle between gard to reagin .dent.f.cat.on for a number of reasons 
washet' B^ause ofthe nature of the cellulose discs and 50 First, allergens, which are in essence protein substances 
£ ^rea^S must be suspended in the foreign to the chemistry of a given vertebrate appar- 

waTsoSonT^ stimulate the production of relative ly small quan- 

knTLTp^r^^ 0 " 6 ^ 65 ^' KS^'t^S^ZSS? 

^ nrSn^nt ten comprises a process for coat- 55 duction of reagin complicates its detection .nd: jdentjfi- 
in^fXTansZen. wtferXsoluble polymeric sur- cation in the complex mixture comprising blood serum 
fats so thaT the^ rem^n optically clJar yet become Additionally the majority of native allergens pos*ss 

°5S, bv theVneSnt invention, one may prepnre w.- minor compounds elicited in the mixture n»j .be in ,ueh 
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ture of structurally similar but diverse proteins, and a There are a number of advantages associated with the 
specific reagin may in fact be a mixture of different method of our invention. A major advantage resides in 
reagin molecules, any in-vitro detection method based the capability of performing allergen identification test- 
on binding of the reagin with an allergen may depend ing in the physician's office on a simple, econo ™cal and 
for accuracy on a protocol which may not account for 5 rapid basis. The use of the patient's blood serum in^ 
all of the diverse reagin molecules and not just a portion in-vitro test method obyia es the hazards auocutfed 
ft* , mirliin. with conventional skm-testmg and provocation test 
In adSSTh will be appreciated that since immune procedures (risk of anaphylaxis). This ^ Particularly 
Ja contains reaeins which will bind to their corre- advantageous where the very young, elderly and debili- 
sera contains reagins wmcn wm oina o ine individual is the object of testing. Other advan- 
spondmg allergens with varymg degrees .cf avidity, stable reagents with less associated 
strong positive aHergen-reagin reactions may not a - ^ * t in the}r ^ than 
ways be obtained m reasonable tunes. Further, the phys- ™ assodated ^ for le> * he radioellergo- 
ical nature of the reagm mature migh t b e e£*Jdto mlunosorbent test (RAST) which employs radioac- 
affect the strength of any interaction or binding of rea- ^ ^ ^ ^ fa ^ method 
gin which may occur. of the invention also have longer shelf-lives than radio- 

It has also been recognized that IgE matenals do not reagents and J e safer t0 use . 

behave in the same way as, for example, IgM or IgG, method q{ ^ invention also requires on i y re i a . 

the protective antibodies produced by an organism to ^ Wood serum samples for testmgj providing 

counteract antigens related to diseases. In the latter ^ thg ^ whh g^^My decreased discomfort and 

process, the host organism may continue to produce ^ Qf ^ Gnce the Wood sample is obtained the 

"protective" types of antibody even after the disease ^ n£ed n£)t wah for results Automatio n of the 

state or entity has been eliminated, thereby obtaining procedure w ju ena bl e the physician to increase the 

immunity to re-infection. In contrast, in the case of num ber of patients he can diagnose in a given time 

allergy whose physical manifestation of the allergic 2J period 

response is the binding of the allergen with the reagin, Because the method of the invention measures total 

no immunity is necessarily conferred. When the binding ^ spec ifj c IgE it enables the physician to monitor 

reaction occurs, cellular damage occurs wherein sub- allergy therapy by monitoring serum IgE levels. This is 

stances such as histamine are released to affect allergic a yery sensit i ve monitor. In contra-distinction skin test 

target tissues. The binding reaction will occur during 3Q resu i ts fluctuate rapidly over short periods of time de- 

every subsequent re-introduction of allergen into the pen ding on the physical state of the patient. The method 

host organism. of the invention is more consistent and repeatable than 

Clearly, although there are apparent analogies be- skin-testing because it comprises monitoring serum 

tween the classical immunological antigen-antibody components which are less affected by the patient's 

relationship and the more specific allergen-reagin pro- 35 physical condition. 

cess, there are also subtle and marked differences. It is Results of the immunoassay of the invention may be 

these differences which suggest that the prior art empir- observed visually or quantitated with a simple spectro- 

ical use of antigen-antibody in-vitro identification pro- photometer and highly sophisticated apparatus is not 

cedures to identify allergens-reagins may have been required. 

misplaced and accounts for the inaccuracies which have 40 5TIUM abvop top INVFNTION 

been observed (lack of avidity, specificity) and the lack SUMMARY OF THE INVENTION . 

of sensitivity. ' The invention comprises a solid-phase support for 

Because of the dissatisfactions with the prior art in- immobilizing reactants of an immunoreaction, which 

vitro methods of determining and identifying reagins in comprises; a water-insoluble article which is inert to 

blood serums, the most widely employed methods of 45 chemical reaction with said reactants; and a dried film 

determining reagins present in the blood serum of aller- 0 f a synthetic, polymeric resin having attached chemi- 

gen sensitized vertebrates (and thereby a differential C al groups capable of forming covalent bands with the 

diagnosis of atopic or anaphylactic allergy) are the reactants, coating at least a portion of the article, 

in-vivo skin and provocation test methods. These in- The invention also comprises the manufacture and 

vivo test methods are also lacking in complete satisfac- 50 use of the support of the invention in an immunoassay 

tion They are time consuming, inconvenient to patients for proteins, including immunoglobulins, 

and not without serious risk. The potential for anaphy- The invention also comprises an immunoassay of 

laxis unon exposure of the patient to allergens is a real total and allergen specific immunoglobulin b (IgtSJ in a 

hazard biological fluid containing said IgE, which comprises; 

Like the prior art in-vitro methods for identifying 55 extracting the IgE from the fluid by binding the IgE 

reagins, the in-vivo methods are also inaccurate to a to an immobilized allergen immunological counterpart 

decree.' The allergen-reagin reaction physical manifes- of the IgE; . 

Sfons observed to skin-testing may be affected by sub- complexing the bound IgE with enzyme-conjugated 

iective influences such as an allergic threshold in indi- with anti-IgE; . 

S body resistance to allergic response. Emotional 60 mixing the complex with 

factors in the individual undergoing testing can also ' capable of developing color in the presence of the en- 

"^St -thods, both in-vitro and T^rlg the degree of color developed in the mix- 
^£S^^S!K^J1S«:^ term "aUergen specif, immunoglobulin E 

to * rJ&^SSESdbed above. The method (IgE)" * used throughout the specification JJ» 
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exposure or sensitization to a given allergen. The mech- polyvinyl chloride and the like. The titer plate 10 may 

anism by which reagins are produced in response to also be fabricated from inorganic materials meeting the 

sensitization is a matter of speculation, but the reagins criteria of water-insolubility, and inertness described 

or IgE may be found in the circulating blood serum and above. Representative of such inorganic materials are 

in other biological fluids associated with the sensitized 5 glass, metal and the like. 

individual As 8180 shown in FIG. 1, the upper surface of titer 

The term "immobilized allergen immunological plate 10 is interrupted by a plurality of individual, 

counterpart of the IgE" as used herein means anit-IgE closed bottom, wells 12. The wells 12 are disposed geo- 

or the specific allergen responsible for the endogenous metrically in rows and columns which may be identified 

production of the IgE material by a sensitized individ- 10 with indicia such as numbers or letters (letters shown m 

ual which has been immobilized by a physical or chem- FIG. 1) to facilitate identification of individual rows or 

ical bonding to a solid, water-insoluble surface. Prefera- wells 12. The number of wells, their size and configura- 

bly there is a covalent chemical bond between the aller- tion may be selected as desired for a given immunoassay 

gen and the water-insoluble surface as described above. as will be described more fully hereinafter. 

15 FIG. 2 is a cross-sectional side elevation as viewed 
BRIEF DESCRIPTION OF THE DRAWINGS a i ong ]ines 2 _ 2 D f FIG. 1 and shows the well 12 struc- 
FIG 1 is a view-in-perspective of a portion of an ture in greater detail. The inner surfaces of the well 12 
embodiment article (titer plate) of the invention. bears an adherent coating of a dried film of a l.ght-trans- 
FIG 2 is a cross-sectional side elevation viewed parent, synthetic polymeric resin tilm 14. 1 he mm resin 
along lines 2-2 of FIG. 1. 20 is one having attached chemical groups which will form 
FIG 3 is a schematic representation of an embodi- covalent bonds with immunoreactants such as the im- 
ment method of the invention for immunoassay of im- munoglobulins or the anti-immunoglobulins to be em- 
munoglobulins employing the article of FIG. 1. ployed in the immunoassay to be carried out in the wells 
FIG. 4 is a flow diagram depicting a preferred em- 12 of titer plate 10. Representative of such chemical 
bodiment method of the invention. 25 groups are carboxyl, amino, hydroxyl amido mer- 
FIG 5 is a graphical representation showing the capto, sulfhydryl and like groups attached to the poly- 
advantage of articles of the invention such as shown in meric chain of the resin forming film ,14. Representati ve 
FIG. 1 compared to prior art articles. of such polymeric resins are acrylonitnle-bu adiene-sty- 
FIG. 6 is an isometric view of an embodiment kit of rene copolymers, carboxylated styrene-butadiene co- 
the invention useful for immunoassay of immunoglobu- 30 polymers, carboxylated ethylene polymers carboxyl 
\r~ modified poly(acrylamide), poly(caprolactone) diol, 

carboxylated poly(vinylchloride), carboxylated vinyl 
DETAILED DESCRIPTION OF THE chloride/vinylacetate copolymer and the like. Pre- 
INVENTION f erre d i„ the method of the invention is a carboxylated 
Those skilled in the art will have an appreciation of 35 styrene-butadiene copolymer such as Dow Latex 233 
the invention from a reading of the following descrip- (Dow Chemical Corp ,.). The film 14 may be adhered to 
tion of the preferred embodiments thereof, when the the wells 12 of titer plate 10 by applying the film form- 
reading is in conjunction with a viewing of the attached ing resin in a liquid state and allowing it to dry m-situ. 
drawnfgs of FIGS. 1-6, inclusive. Upon drying, the preferred polymer provides a w. 
The description herein will be specific for the modifi- 40 ter-insoluble, preferably optically clear surface which 
cation of chemically inert, water-insoluble polymeric presents numerous carboxyl groups available for cova- 
resin surfaces of test tubes, cuvettes and microliter lent attachment of the primary immunoreagent, usually 
plates. Those skilled in the art will appreciate however a protein. If it is preferred, chem.cal^acer arms such 
that the invention is not limited in scope to such em- as primary amines hydrazines, «Ac«hc : a £- 
bodiments. The inventors envision the modification of 45 drides, sulfhydryl derivatives, or comb nations of these 
metals (balls, "dipsticks", beads and the like), glass, and other chemicals, can be covalently bound o he 
fibrous materials and similar physical materials so they free carboxyl groups prior to attachment of the im- 
may be used as chemically active substrate for immobi- munoreagent. The spacer arms then provide the acfcve 
lizing imunoreactants. Similarly, the following descrip- site for binding an immunoreactan to the water-insc-lu- 
t onls of specific embodiment antigen-antibody reac- 50 ble substrate The method of application of the liquid 
lions, but the invention is not limited to these specific polymer to the surface ° f ^ » d J ™^ | b ^ 
reactions. The invention includes for example non- specific characte rist cs of the surf* ^J**^"^ 
immunological specific binding protein reactions in ing polymer and by the needs of the user. The inventors 
gTera? lectin-sp'ecific chemical reactions in general have successfully employed such echn.ques as baths, 
(such as Concanavalin A and n-acetylglucosamine), 55 *P». ™ ^ ^ »^ ^^^SSe 
enzyme-enzyme conjugate reactions and like reactions The immunoassay of the invention will determine the 
w^^Lin^nrntiins quantity of given protein such as immunoglobulins, 
%^^^- spective of a portion of a titer Lludi reajns, in biological fluid. The term "biolog- 
plate 10 fabricated from awater-insoluble, light-trans- ical fluids" as used herein means fluids assoc ,ate d with a 
parent, synthetic polymeric resin normally inert to 60 living vertebrate such as nasal bronchial, middle ear 
crfemkal reaction with an immunoreactant such as an gastric, lachrimal and like secretion of biological ongm 
immunoglobulin or its homologous immunological The immunoassay of the invention is .P"^"^^ 
counterpart, anit-immunoglobulin (anti-Ig). Such resins for determining reag.n levels (IgE) in the blood serum 
are well-known as in their preparation and moldability of mammals including humans 

into articles such as titer plate 10 or test tubes or cu- 65 Reference is now made to FIG. 3, a schematic repre- 

vettes Representative of such resins are polystyrene, sentation of an embodiment assay of the invention for 

SS^STSSSSR polycarbonate, poly- total immunoglobulins, employing the m.crotiter plate 

(ethylene terephthalate), polyethylene, polypropylene, 10 of FIGS. 1 and 2. 
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euboXdde to the dry rum 14 within the well 12 of capable of maximum color development wrthm a spe- 
mTcrotiter plate 10 by tacubating a solution of the ami- ciflc pH range. Illustrative of such chromogens J. are 
S to the wells 12 overnight at room temperature, re- 5 p-di P henylamine sulfonic acid, o;tol.dme dAydrocWor- 
movmgthe solution and drying the wells 12. This im- ide, m-toluidine, benzidine, quaiacol, 2,7^.aminofluo- 
muTreactant anti-Ig is thus covalently bound to the rene, c-dianisidine, and the hke and natures .thereof, 
film 14 Preferred as chromogens 18 m the method of the mven- 

In the step 1 shown in FIG. 3, a body fluid containing tion are 2,2-azino-di-(3-ethylbenzothi az oline-6-sul- 
immunoglobulin (Ig) « deposited in the well 12 where 10 phonic acid) and o-phenylenediaminev 
the anti-Ig has been covalently bound to film 14. The When the chromogen is mixed with hydrogen perox- 
deposit is incubated (2.) and then the extracted body ide and incubated (8.) a chromogemc reagent is ob- 
fluid is removed leaving the extracted Ig bound, tained which will turn color in the presence of the tm- 
through the reaction with the immobilized anti-Ig, to mobilized anti-Ig/Ig/anti-Ig-enzyme complex, to ade- 
the film 14 The well 12 is then washed, preferably by 15 gree determined by the quantity of enzyme present. 1 ne 
several rinses (3.). The extraction may be made simply reaction which occurs may be represented schemati- 
by bringing together the immobilized anti-Ig, in an cally by the following: 
excess of the amount required to bind with the Ig in the 

biological fluid undergoing assay. The excess propor- ■ Peroxidase ^ 0 mtcd 

rt«n «.« related hv trial and error technique, but 20 H 2 02 + Reduced _ _ ^2™. 



, „_y usually employ weights of the immobilized 
anti-Ig equal to the weight of biological fluid undergo- 
ing assay. Advantageously, the admixture of immobi- ^ developed by presen ce of chromogen 20 can 
lized Anti-Ig and biological fluid is incubated at a tem- ^ observe d (9.) visually or with the aid of a spectro- 
perature within the range of from about room tempera- 25 photometer or the like means of measuring color. By 
ture to about 37" C. for a period of from about 0.5 to 10 Mmparison with known standards, the quantity of Ig 
hours to complete extraction, i.e.; binding of the ig to ^ ^ refldi]y determined . 

the anti-Ig. ln the method of the invention, buffer solutions are 
Following separation of the immobilized Ig/anti-Ig ^ fa ^ ^ fi ^ tQ dilme ^^s. Such 
from the extract mixture, the bound Ig portion ot the 30 solutions should produce in aqueous solutions a 
composition is complexed with an enzyme-conjugated ^ from fi % tQ ? 5 fcrably 6 . 5 t0 7 . 2 . A 
anti-Ig compound 16 (step 4). The complex is readily P ^ ? Q) js most preferred . It is ^ 
formed by bringing together the two reactants, prefera- P P * urca wash foUo wing the addition 
bly in a buffer solution. Sufficient of the conjugate 16 is ~ antibody' to insure removal of adsorbed pro- 
employed in the complexing mixture to complex with 35 xhil - pocedlllls wm not remove covalently bound 
all of the Ig moiety of the unmobilized Ig/anb-Ig com- 3^™^^ bound protein. Follow this with a 
position. The resulting mixture is then mcubated (5.) » > ^ renaturation of 
and washed (6.) as described above to obtain the com- w n ?" ro " teu ! 

plex of anti-Ig^g/anti-Ig-enzyme . conjugate bound to £ ^ embodime „ t pr0 cess of the invention com- 
film 14. The complex is generally completely formed 40 Aree^ ^ £ ffic ^nunoglobulins, 
within from about 0.5 to about 5 hours and after tbs ^ ™lT«^ 0!& jheprocess comprises sub- 
period of time the complex of "T^^^ St^^ific^ergens for the anti-Ig in the process 
/anti-Ig-enzyme conjugate may be separated by pour- P^ * pecific reagins are then extracted 
ing off the complexing mixture ^v^ud^tt* ^^J^, ^ the S *J (1) 0 f FIO. 3, and 
^^^^^'^^^J^^'Z assayed for. The preferred immunoassay for specific 
The enzyme-conjugated anti-Ig employed m the V ^ P fi ow diagram of FIG. 4. 
method of the invention is a conjugate of ^fte Stowmg' samples and preparations describe 

anti-Ig without loss of biolog. cal act. ^-J^gF?* tion anT set forth the best mode contemplated by the 

biological activity is as a catalyst ^ promote develop- 50 JPM^« ^ ^ mvention but ^ not t0 

mentofcolormachromogemcreagentRepr^^^^ ™2S3 Stag. All parts are by weight unless 

of enzymes which wdl conjugate with anti-Ig and re- ,/~^~^^£T S . 

main biologically active in respect to a chromogen ^are otherwise specihed. 

the peroxidases, such as those which may be obtained EXAMPLE 1 

from horseradish, fig leaves, potatoes and the UTce; and 55 _ ^ bindin t0 imttattBd pbly, 

iswXfaiown;seeforexampiethemethodof Nakaneet butadiene copolymer coated pfctes _ 

al., iourWochemistry and Cytochemistry, 22:12, ^ 

^^LpW 'of,..n.u™^ : ;.«nti-igW««ti-Ig- comparison .These were96 wellplates, so mewi thflat- 

reaction with available enzyme in the presence of an coating was observed to be optically clear. 
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A. In the first comparison, 50 fil of 1.0 jig/ml horse- "unknown" test material (IgE) was added to each well 
radish peroxidase (HRPO) was added to each well of in a concentration of 100 u.g/ml. The results of this 
treated and untreated plates. Adsorption to the un- experiment are given in Table 1, below. 

treated plates was performed in alkaline buffer of vary- TABLE 1 

ing salt concentration and for various time periods at 4° 5 — — — — —————— — 

r 6 , nlr , . ^ ~ , . . • .,• r rfp no t _ t h ' COMPARISON OF UNTREATED AND CARBOXYLATED 

C.,20 C. and 37 C. Covalent binding of HRPO to the styrene-butadiene coated plastic microtiter 

polymer coatmg was performed m neutral buffer at plates in performing an enzyme immunoassay 

room temperature for two hours. Following adsorption for total IgE 

and covalent binding, the plates were washed in se- total MEAN 

quence as follows: 2x with pH 10.0 buffer, 2x with pH 10 OF loo WELLS standard 

4.0 buffer, 2x D.H 2 0, 2x 2 M urea, 2x D.H 2 , 2x 3 M type of plate op read at 414am deviation 

potassium thiocyanate, 2x D.H2, and finally 2x pH 7.2 Cooke 

phosphate buffered saline (PBS). Untreated^ ^ 1.424 o.no 

A standard concentration of substrate reagent [2,2'- J""' " ' ° ! 
azino-di-(3-ethyl-benzthiazoline sulphonic acid) 15 - 

(ABTS)] prepared as per procedures in the literature PoiyieTcoated 1.078 0.118 

(Saunders, G. C. et al., 1978, Serologic Test Systems Linbro 

Development, Los Alamos Scientific Laboratory untreated 1.160 0.099 

Progress Report, LA-7078-PR.) was added to the plates Polymer Coated 1.206 0.105 
following each D.H2O wash. Presence of HRPO is 20 Dynatech PVC 

indicated by a substrate color change from green to blue p n . treilted r , !'!?!! 

and can be quantitated by reading with a spectrophoto- Po ' ymer — — 

metric microtiter plate reader and comparing results to 

a standard curve. Following the D.H2O wash after the As can be seen from Table 1, there is little difference in 
2x pH 4 and 10 wash, both treated (polymer coated) and 25 the different types of plates with the Cooke plate show- 
untreated plates showed presence of HRPO, although ing the greatest optical density (greater concentration 
the concentration of HRPO on the untreated plates was of IgE). Similarly, there is little difference between the 
greatly reduced. All HRPO activity was removed by treated and untreated plates. Results from Table 1 indi- 
the thiocyanate. However, this treatment denatures cate that the polymer coated PVC plate shows the 
protein; therefore, pH 7.2 phosphate buffered saline was 30 highest optical density with the least standard devia- 
added to all plates and incubated overnight to initiate tion. 

renaturation of remaining protein. Addition of ABTS These results were anticipated in the discussion above 

the next day demonstrated no HRPO on the untreated concerning the prior art immunoassay being adequate 

plates, whereas the polymer coated plates again exhib- when the unknown being measured is present in rela- 

ited HRPO activity. These results indicate removal of 35 tively high concentrations. In a continuation of this 

protein from the absorbed plate, but not from the plate experiment, the IgE was diluted from 25 fig to 0.78 jig, 

wherein the protein was covalently bound. and the procedure repeated. Results as shown in FIG. 5, 

B. In another experiment, bovine serum albumin a graphical representation, clearly demonstrate that the 
(BSA) in concentrations of 1 rag/ml, 2 mg/ml, and 3 polymer coated plates (covalently-bindable plates) are 
mg/ml was applied with constant mixing to the un- 40 superior to the adsorption plate for assays. This is true 
treated and the polymer coated plates for two hours at with either polystyrene or polyvinylchloride (PVC) 
room temperature. In this experiment, l-ethyl-3-(3- although the PVC demonstrates less variation (devia- 
dimethylaminoproyl-carbodiimide (EDAC) was in- tion from mean; 96%). In all cases, the untreated plates 
eluded with the coated plate to facilitate covalent bind- fail to detect any IgE, presenting basically a flat curve 
ing of the BSA to the carboxylated film on the plate. 45 from 0.78 ug/ml to 25 /xg/ml. On the other hand, all of 
Following treatment with BSA, the plates were washed the polymer coated plates exhibit an obvious curve of 
3x with pH 7.2 PBS and a protein indicating reagent assay for decreasing concentrations of IgE. 

was added (standard method for protein assay). The ppfpa RATION 1 

untreated plates indicated no concentrations of protein. rutrAKA lurs 

On the other hand, the polymer coated plate exhibited 50 To an appropriate vessel there is charged 5 mg. of 

an indication that protein was bound to the wall plate horseradish peroxidase dissolved in 1.0 ml of water 

and not free to go into solution. containing 0.3 mg. of sodium bicarbonate (pH 8.1). To 

C. In another experiment, we performed an enzyme the charge there is added 0.1 ml. of 1 percent fluorodini- 
innumoassay according to known procedures (NaKane, trobenzene in absolute ethanol. The resulting mixture is 
P. K. and A. Kawaoil, 1974, Peroxidase-Labeled Anti- 55 stirred gently at room temperature for 1 hour. At the 
body, A New Method of Conjugation, Journal of Histo- end of this time 1.0 ml. of 0.08 M sodium periodate in 
chemistry Cytochemistry, 22:1084-1091) using anti- distilled water is also added and stirring is continued for 
IgE, sera from allergy patients (IgE), known conceritra- 30 minutes. Then, 1.0 ml. of 0. 16 M ethylene glycol in 
tionsof IgE, and HRPO-labeled anti-IgE. Theanti-IgE distilled water is added to the resulting mixture and 
was adsorbed onto the surface of the untreated micro- 60 stirring is continued for another 30 minutes. At the end 
titer plates and covalently bound to the surface of the of this last period, the resulting mixture is dialyzed 
polymer coated plates. The plates were washed with against 3 one-liter changes of 0.01 M sodium carbonate 
appropriate wash solutions, incubated with IgE, buffer (pH 9.5) at a temperature of 4° C. To 3.0 ml of the 
washed, incubated with HRPO-labeled anti-IgE, resulting dialyzate there is added 5 mg. of anti-IgE and 
washed, and the substrate was added. In this experi- 65 the mixture is stirred gently at room temperature for 3 
ment, all wells should be positive; that is, should show hours. At the end of this period, 5 mg. of sodium boro- 
an ABTS color change from green to blue. In the first hydride is added and the resulting mixture allowed to 
run, no titrations were preformed, and 50 pi of the stand overnight at a temperature of 4° C. The resulting 
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mixture is then dialyzed against phosphate buffered 
saline (PBS) while maintaining the mixture at a temper- 
ature of 4° C. The dialyzate is then applied to an 85 X 1.3 
cm column of Sephadex G-200 equilibrated in phos- 
phate buffered saline. Fractions of horseradish perox- 5 
idase/anti-IgE conjugate are collected and stored at a 
temperature of —20° C. in phosphate buffered saline 
containing T percent bovine serum albumin. 

PREPARATION 2 10 
An appropriate vessel is charged with 5 mis. of citrate 
buffer (pH 4.0). to the- charge there is added with stir- 
ring 0.1 m. of a solution made by mixing 0.1 ml. of 30 
percent hydrogen peroxide in 10 ml. of distilled water. 15 
To the resulting mixture there is added with stirring 0.5 
ml. of a solution prepared by dissolving 200 mg. of 
2,2'-azino-di-(3-ethylbenzothiazoline-6-sulphonic acid) 
in 10 mis. of distilled water. 

EXAMPLE 2 20 
Carboxylated styrene-butadiene copolymer is applied 
to fill each well of polymeric resin microliter plates and 
immediately removed. The plates are inverted and dried 
for 15 minutes at 50° C Allergens are extracted into 25 
solution by adding 1.0 grams of pollen, dust, or other 
source to 20 ml of an extraction fluid prepared as fol- 
lows: 
NaCl: 2s5 grams 
NaHC0 3 : 1.25 grams 
Glycerin: 500 ml 
D HjO q.s.: 1000 ml 

The extraction is carried out for 24 to 74 hours at 4° 
C. on a shaking machine or the material is shaken by 35 
hand approximately every hour. It is centrifuged, de- 
canted and protein assay performed on the supernatant. 
Extracted allergen is incubated in the polymer-coated 
wells of the microtiter plate by the addition of 50-200 ftl 
of allergen (diluted 1:10 in glycerol) to the wells. Pro- 40 
tein concentration is critical only to the point of having 
sufficient allergen to saturate the walls of the wells. This 
is incubated for 2 hours at room temperature. Unbound 
allergen is washed from the wells by successive wash- 
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TABLE 2 



COMPARISON OF ALLERGY TESTING WITH A 
COMMERCIAL RADIOIMMUNOASSAY KIT (RIA) ANP 
ENZYME IMMUNOASSAY (EIA) 



In Table 3, the results of allergy; screening by the 
method of the invention using the procedure of Exam- 
ple 2, for two human individuals, are shown in compari- 
son to skin-tests given to the individuals. 

S«^SSSS 45 ,„„^— ™— ^ 

PBS (pH 7.2). This rigorous washing removes allergen ^ pp^Hn m -Blk Rank Test ence 

not covalently bound to the plate. Unreacted carboxyl — p^^^yp 

groups on the plate are then blocked with a blocking ^ 55 ^~ +] +2 1 

agent such as ethanolamine. Bermuda .12 .00 0 +1 1 

The above procedure is repeated a plurality of times catHair 1.31 MO +* ° 

for each desired allergen. The arrangement of allergens Cocklebur .27 .11 +2 +2 q 

in the wells is based upon the desire of the investigator. ^ nGrass ; 19 !o6 +1 +2 1 

Allergens can be mixed prior to their application to the 5J Mountain cedar .27 .08 +2 +2 0 

plate in such a way as to provide a screening test, say for Mulberry .22 .13 +2 +1 J 

mixed trees, mixed grasses, mixed animal danders, and £ f 0 + l J 2 0 

the like. Also, antHgE can be covalently bound to the Giant Ra B gwee<J .35 n +3 +2 1 

plate, the patient's serum and a standard serum diluted, western Ragweed .19 .05 +1 +2 1 

the test performed, and quantitation of patient's :* otal 60 A * ™ +} % , 

IgE determined. y Sycamore U7 1.13 +f ND - 

Using the above procedure, a series of tests are made pjgweed .16 - -03 +1 +2 1 
for sepcific reagins, present in the blood serum of patient : tr 

human patients, in order to deteniune the allergen that Aitertauia .25 - .16 +2 +1 ( 

the individuals are sensitive to. The results are shown 65 ^^ a Weed .'^ [51 +3 +2 1. 

below in Table 2, compared to the results obtained by n .02+1 +1 0 

use of a commercially available allergy test by radioim- cocklebur Q3 .00 0 +1 

munoassay and by skin-testing individuals. Fescue ~ M 
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ALLERGY TEST EMPLOYING ENZYME IMMUNOASSAY 



Rank Test 



The invention also encompasses a kit for an enzyme 
immunoassay of the invention for the determination of 
immunoglobulins in test samples of body fluids. Refer- 
ring to FIG. 6, there is seen an isometric view of an 
embodiment kit of the invention, useful for the enzyme- 
immunoassay of immunoglobins. The kit 30 comprises a 
microtiter plate 10 as previously described, a supply of 
various 'immunoglobulins 32, 33, 34 and 35 such as IgE 
or allergen-specific Ig-E. The kit will further contain 
vials 36 of appropriate buffer wash solutions or powders 
to be solubilized, containers 38 of enzyme-labeled anti- 
Ig conjugate and containers 40 of enzyme-specific sub- 
strate. Containers 42 of both positive and negative con- 
trols and a known standard specimen of Ig for quantita- 
tion are also provided. Pipettes 44 for the transfer of 
fluids are conveniently included, a chromogen devel- 
oper solution 46 and of course a book of instructions 50 
for carrying out the immunoassay of the invention. A 
chart 48 may be provided for comparisons to determine 
visually color development in the final assay step. The 
procedure for the use of the Kit 30 may be given in the 
instructions 50 as follows. 

To each appropriately labeled well of the coated 
plate 10, to which there has been covalently bound 
Anti-Ig, add 50 microliters of either blank solution, 
standard solution, or undiluted patient sera. Incubate 
three hours at room temperature (23°-25° C). Then 
wash plate three times with phosphate buffered saline 
(PBS) to which has been added 0.1% Tween 20. Tap 
the plate dry on an absorbant pad and add 50 u-1 of an 
appropriate dilution of Anti-Ig enzyme conjugate. Incu- 
bate three hours at room temperature and wash as be- 
fore with the exception of the use of 1.0 M urea in phos- 
phate buffered saline in the second wash followed and 
preceded by PBS washes. Add 50 microliters of enzyme 
substrate and incubate one hour at room temperature. 
Determine optical density at 414 nm, subtract blanks, 
and then compare to standards or visually access rank- 
ing for qualitative results. 

We claim: 

1. An immunoassay of total immunoglobulin (Ig) in a 
biological fluid containing said Ig, which comprises; 

extracting the Ig from the fluid by binding the Ig to 
an immobilized immunological counterpart of the 
Ig wherein the immunological counterpart of the 
Ig is immobilized by a covalent bonding to a dried 
film of a light-transparent, synthetic, polymeric 
resin having attached chemical groups capable of 
forming covalent bonds with the immunological 
counterpart; said film being a coating on a water- 
insoluble, light transparent synthetic, organic poly- 
mer article which is inert to chemical reaction with 
immunoglobulin (Ig); 

complexing the bound Ig with enzyme-conjugated 
anti-Ig; 
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mixing the complex with a chromogenic reagent 
capable of developing color in the presence of the 
enzyme; and 

observing the degree of color developed in the mix- 

2. The immunoassay of claim 1 wherein the immuno- 
logical counterpart is a compound selected from the 
group consisting of proteins, lipids, and carbohydrates. 

3. The immunoassay of claim 1 wherein the chemical 
l0 group is selected from the group consisting of carboxyl, 

amino, sulfhydryl, amido, mercapto, and hydroxyl 
groups. 

4. The immunoassay of claim 1 wherein the resin is a 
light-transparent film of carboxylated styrene-butadiene 

.. copolymer. 

5. An immunoassay of an allergen specific immuno- 
globulin E (IgE) in a biological fluid containing said 
IgE, which consists essentially of; 

extracting the IgE from the fluid by binding the IgE 
to an immobilized allergen immunological counter- 

20 part of the IgE, wherein the immunological coun- 
terpart of the IgE is immobilized by a covalent 
bonding to the dried film of a light-transparent, 
synthetic, polymeric resin having attached chemi- 
cal groups capable of forming covalent bonds with 

25 the immunological counterpart; said film being a 
coating on a water-insoluble, light-transparent, 
synthetic organic polymer article which is inert to 
chemical reaction with immunoglobulin E (IgE); 
complexing the bound IgE with enzyme-conjugated 

30 anti-IgE; 

mixing the complex with a chromogenic reagent 
capable of developing color in the presence of the 
enzyme; and 

observing the degree of color developed in the mix- 
35 ture. . , 

6. The immunoassay of claim 5 wherein the resin is a 
light-transparent copolymer of carboxylated styrene- 
butadiene. 

7. The immunoassay of claim 6 wherein said fluid is 
40 blood serum. 

8. An article for immobilizing reactants of an immu- 
noreaction comprising: 

(a) a solid-phase, water-insoluble, light-transparent 
support made of a synthetic, organic polymeric 
resin; 

(b) a dried film of light-transparent, carboxylated 
styrene-butadiene copolymer adhering to the sup- 
port of (a); and 

(c) an immuno-active composition covalently immo- 
bilized to the film of (b). 

50 9. An immunoassay of an allergen specific immuno- 
globulin E (IgE) in a biological fluid containing said 
IgE, which comprises; 
extracting the IgE from the fluid by binding the IgE 
to an immobilized allergen immunological counter- 
55 part of the IgE, said immobilized allergen being 
covalently bound to a film of a light-transparent 
carboxylated copolymer of styrene-butadiene dis- 
posed on the sidewall of. a light-transparent well in 
a titer plate fabricated from a synthetic, organic 
60 polymeric resin; 

complexing the bound IgE with enzyme-conjugated 
anti-IgE; 

mixing the complex with a chromogenic reagent 
capable of developing color in the presence of the 
65 enzyme; and 

observing the degree of color developed in the mix- 
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